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Abstract: Adsorption heat exchangers (AdHXs) 
are important components in adsorption heat 
pumps and chillers, often build as fin-and-tube 
type heat exchangers with beds of adsorbent 
pellets. For design and optimization the govern-
ing transport phenomena in AdHXs need to be 
quantified as functions of design parameters like 
geometry or material properties. In this work the 
heat transfer between fin surface and adsorbent 
pellet is analyzed using a three-dimensional 
COMSOL model. The model is evaluated for 
generic material combinations with a variation of 
parameters: pellet size (0.2-4 mm), pellet rough-
ness (20-100 µm) and thermal conductivity of 
gas (0.01-0.03 W/(m K)) and pellet (0.1-0.3 
W/(m K)). The calculated effective heat transfer 
coefficient is in the range of 16-670 W/(m2 K). 
From the simulation results a general Nusselt 
correlation is deduced allowing a direct calcula-
tion of the heat transfer coefficient within the 
parameter space. 
 
Keywords: Adsorption heat exchanger, heat 
transfer, pellet, fin, Nusselt number 

1 Introduction 

Adsorption heat exchangers (AdHXs) are im-
portant components in adsorption heat pumps 
and chillers, a primary energy efficient source of 
heating and cooling1,2. Due to availability and 
established inexpensive manufacturing, fin-and-
tube type heat exchangers with beds of adsorp-
tion pellets in the finned space are used in state 
of the art products. The same design is used for 
sorption seasonal heat storage with pellets of 
hydrophilic salt hydrates3. 

For design and optimization the adsorption 
cycle needs to be modelled with its transient 
nature4,5. Hence, the governing transport phe-
nomena in AdHXs need to be quantified as func-
tions of design parameters like geometry or ma-
terial properties. This has e.g. been done using 
complex partial differential equation (PDE) 
models of the whole AdHX including heat and 
mass transfer and fluid flows with different level 

of detail6–9. These models allow detailed anal-
yses of geometry and material influences. How-
ever, they require high computing times and are 
e.g. unsuitable to analyze the component’s be-
havior in a system like a building on long time 
scales. 

Simpler transient models are based on ordi-
nary differential equations (ODE)8 with lumped 
coefficients for transport resistances and  capaci-
tances. They can be parameterized using PDE-
models, either by fitting the ODE-model to the 
PDE-model’s results, or by direct deduction of 
the coefficients from the PDE-model. In this 
study an example of the latter is presented. For 
AdHXs  ODE-models where shown to reproduce 
the external behavior of complex PDE-models 
with high accuracy while demanding orders of 
magnitude less computing time10. However, a 
variation of design parameters usually requires 
the complex model to be re-computed. 

Some transport resistances can be directly 
modelled in a lumped form from correlations 
available in standard literature (e.g. the heat 
transfer in a pipe flow). These correlations are 
mostly based on extensive measurements11. With 
them it is possible to include certain design pa-
rameters (e.g. the pipe diameter) explicitly in the 
ODE-model. Parameter variations can then be 
carried out without re-computing a PDE-model. 

In this work a general correlation is deduced 
from simulation results of a three-dimensional 
COMSOL model. This is done for the heat trans-
fer between fin surface and adsorbent pellets, an 
important transport resistance in the described 
type of AdHX. This heat transfer has been inves-
tigated for different configurations7,12,13. Here, it 
is analyzed for the case of a monolayer of pellets 
on the fin surface. First the model and its imple-
mentation in COMSOL will be described, then 
the results will be presented and a general heat 
transfer correlation will be deduced. 

2 Mathematical Model 

The modelled heat exchanger consists of flat fins 
of metal and spherical porous pellets of adsorp-
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with the heat conductivity g or p of the gas or 
pellet domain. The heat source from adsorption 
ad only applies to the pellet domain and is omit-

ted for the gas domain. 

2.4 Boundary conditions 

As the fin’s conductivity is high, compared to all 
other conductivities, a uniform wall temperature 
w is assumed. In the pellet volume the assumed 

homogenous adsorption results in a constant heat 
source ad. All other boundaries are planes of 
symmetry with no-flux boundary conditions. 

3 Implementation 

The model has been implemented in COMSOL 
Multiphysics 4.4 as a “heat transfer in solids” 
problem. 

Values used for geometry parameters, mate-
rial properties and boundary conditions are given 
in Table 1. Though absolute values of the 
boundary conditions do not matter for the analy-
sis used (temperature independent material prop-
erties, fully linear equations), the chosen values 
are within a realistic range for adsorption heat 
exchangers. 

Standard meshing settings (“normal”) were 
used. The mesh was refined to check for mesh 
invariance. The relative deviations of the results 
were in the order of the solver tolerance (0.001). 
No changes to standard solver settings where 
necessary. 

Material properties in adsorption heat ex-
changers depend on actual materials (e.g. silica 
gel, zeolite, water vapor, methanol vapor), their 
properties (e.g. porosity) and state (pressure, 
temperature, loading). Pellet size and roughness 
depend on the manufacturing process. In order to 
analyze the heat transfer characteristic for this 
broad range of conditions a parametric sweep on 
pellet diameter , pellet roughness , gas con-

ductivity g and pellet conductivity p was em-
ployed. The range of values covered is indicated 
in Table 1. 

3.1 Post processing 

To evaluate the overall heat transfer characteris-
tic the average wall heat flux (W/m2)  

 
w

1

wall
w

wall
d  (2) 

and the average pellet temperature 

 
p

1

pellet pellet
d  (3) 

are computed. Thereby, a heat transfer coeffi-
cient between wall and pellet can be defined 
(W/(m2K)): 

 
p

w

p w
 (4) 

For the given linear model the heat transfer p is 
independent of the actual values of both wall 
temperature w and heat source ad. 

4 Results 

An exemplary result of the temperature field is 
given in Figure 2. 

The heat transfer coefficient p depends on 
the parameters , , g and p in a non-obvious 
way. For the parameter space given in Table 1 
p is in the range of 16-670 W/(m2K). 

4.1 Data reduction 

For use in simplified ODE-models the function 

 p f , , p, g  (5)

is needed. This four dimensional function could 
not be deduced directly from the simulation 
results. However, using the Buckingham π theo-
rem15,16, Eq. (5) can be reduced to the two di-
mensional relationship 

 Nup f p, λ  (6)

Table 1: Values used for simulation 

Parameter  Value 
pellet diameter 0.2-4 mm 
pellet roughness 20-100 µm 
gas conductivity g 0.01-0.03  W/(m K) 
pellet conductivity p 0.1-0.5  W/(m K) 
wall temperature w 20 °C 
heat source from 
adsorption 

ad 100  kW/m³ 
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extensive parameter sweeps. 
The model is based on several assumptions. 

To prove that the models results are coherent 
with real physical behavior experimental verifi-
cation is desirable. Especially the simplified 
modelling of the roughness as gap should be 
verified. However, the presented results may 
serve as a first indication. 

For further work should focus on the exten-
sion to multilayer beds, the inclusion of non-
continuum heat conduction and convective heat 
transfer.  

The method of deducing general non-
dimensional correlation from dimension-full data 
proved to be applicable to COMSOL models. It 
might have been possible to directly formulate 
the problem in dimension-less form. This would 
possibly have reduced the number of parameter 
combination in a parameter sweep. However, the 
economy in modelling time by using a model 
with predefined dimension-full equations over-
weight drastically. 
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